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(57) ABSTRACT

A negative voltage driver circuit having reduced current
flow to the negative supply voltage source and improved
reliability comprises first, second and third series coupled
switching devices defining an output and intermediate nodes
therebetween respectively for coupling a high voltage source
to a reference voltage level. Control terminals of the first and
second switching devices are coupled to a first circuit node
and a control terminal of the third switching device 1s
coupled to a second circuit node. A fourth switching device
1s coupled between the lower intermediate node and a
negative voltage source, with a control terminal of the fourth
switching device being coupled to a third circuit node. In
operation, the first circuit node 1s activated, followed
sequentially by the second and third circuit nodes, the

second circuit node being deactivated substantially concur-
rently with the activation of the third circuit node.
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NEGATIVE VOLTAGE DRIVER CIRCUIT
TECHNIQUE HAVING REDUCED CURRENT
FLOW TO THE NEGATIVE SUPPLY
VYOLTAGE SOURCE

CROSS REFERENCE TO RELATED PATENT
APPLICATTONS

The present invention is related to the subject matter
disclosed 1n U.S. patent application Ser. No. 09/803,318 for:
“Switching Circuit Utilizing A High Voltage Transistor
Protection Technmique for Integrated Circuit Devices Incor-
porating Dual Supply Voltage Sources™ filed on even date
herewith and assigned to the assignee of the present
invention, the disclosure of which 1s herein specifically
incorporated by this reference.

BACKGROUND OF THE INVENTION

The present invention relates, in general, to the field of
integrated circuit (“IC”) devices. More particularly, the
present mnvention relates to a negative voltage driver circuit
having reduced current flow to the negative supply voltage
source and overall improved reliability.

Certain dynamic random access memory (“DRAM”)
designs require a driver circuit capable of driving an output
node from a high (or “pumped”) voltage level (“VCCP”) to
a negative supply voltage level (“VNWL”) and back to the
high voltage level. Among the constraints on such a circuit
are that the current provided to the VNWL supply be
reduced (due to the fact that the VNWL source is a pumped
supply) and that reliable operation be effectuated by ensur-
ing that any N-channel transistor 1n the driver circuit switch
with a drain-to-source voltage (“VDS”) equal to or less than

VCCP.

SUMMARY OF THE INVENTION

Particularly disclosed herein 1s a negative voltage driver
circuit which comprises: first, second and third series
coupled switching devices defining an output and interme-
diate nodes therebetween respectively for coupling a high
voltage source to a reference voltage level. Control terminals
of the first and second switching devices are coupled to a
first circuit node and a control terminal of the third switching
device 1s coupled to a second circuit node. A fourth switch-
ing device 1s coupled between the lower intermediate node
and a negative voltage source, with a control terminal of the
fourth switching device being coupled to a third circuit node.
In operation, the first circuit node is activated, followed
sequentially by the second and third circuit nodes, the
second circuit node being deactivated substantially concur-
rently with the activation of the third circuit node.

Also disclosed herein 1s a method for operating a negative
voltage driver comprising the steps of: coupling an output
node to an mtermediate circuit node; coupling the mterme-
diate circuit node to a reference voltage level thereby driving
the output node to substantially the reference voltage level;
and decoupling the intermediate circuit node from the ref-
erence voltage level substantially concurrently with cou-
pling the intermediate node to a negative voltage source
thereby driving the output node to substantially the negative
voltage source level.

BRIEF DESCRIPTION OF THE DRAWINGS

The atorementioned and other features and objects of the
present mvention and the manner of attaining them waill
become more apparent and the invention itself will be best
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understood by reference to the following description of a
preferred embodiment taken 1n conjunction with the accom-
panying drawings, wherein:

FIG. 1 1s a negative voltage driver circuit illustrating the
various waveform designations as well as signal mnput and
output nodes thereof;

FIG. 2 1s a timing diagram with representative waveforms
for the signals on the various input and output nodes of the
negative voltage driver circuit of FIG. 1 1n a conventional
mode of operation;

FIG. 3 1s a negative voltage driver circuit in accordance
with the technique of the present invention illustrating the
various waveform designations as well as signal mput and
output nodes thereof; and

FIG. 4 15 a corresponding timing diagram with represen-
tative waveforms for the signals on the various mnput and
output nodes of the negative voltage driver circuit of FIG. 3
in accordance with the technique of the present imnvention.

DESCRIPTION OF A REPRESENTATTVE
EMBODIMENT

With reference now to FIG. 1, a negative voltage driver
circuit 10 1s shown for utilization in accordance with the
technique of the present invention and illustrating the vari-
ous signal 1input and output nodes thereof. The driver circuit
10 comprises, 1n pertinent part, a P-channel transistor 12
coupled 1n series with series connected N-channel transistors
14 and 16 between a “pumped” high voltage source
(“VCCP”) and a reference voltage level (“VSS” or circuit
ground). An additional N-channel transistor 18 has one

terminal coupled intermediate transistors 14 and 16 as
shown at node 28 (“IN67).

The gate terminal of transistors 12 and 14 are coupled
together to an input node 20 (“N5”) while the gate terminal
of transistor 16 is coupled to another input node 22 (“IN4”).
The gate terminal of transistor 18 1s coupled to an input node
24 (“N3”) while its remaining terminal is coupled to the
negative voltage supply (“VNWL”) at node 30. The output
of the driver circuit 10 is taken at node 26 (“PHIXB”)
intermediate transistors 12 and 14. In a representative
embodiment, transistors 12, 14 and 16 may have a channel
width of 15 ¢ and a length of 0.34 x4 while transistor 18 may
have a channel width of 8 # and a length of 0.34 . In the
embodiment of the driver circuit 10 illustrated, a supply
voltage (“VCC”) may range between approximately 1.4
volts to 1.6 volts with a nominal value of 1.5 volts while
VCCP may range substantially between 3.1 volts to 3.6 volts
with a nominal value of 3.35 volts. VNWL has a nominal
value of -0.5 volts.

With reference additionally now to FIG. 2, a timing
diagram with representative waveforms for the signals on
the various 1nput and output nodes of the negative voltage
driver circuit 10 1s shown in a conventional mode of
operation. The sequencing of the various signals effectuates
the reduction of current into VNWL at node 30 by keeping
transistor 18 turned “off” (i.e. node 24 “N3” goes “low”)
until the PHIXB signal at node 26 1s driven near VSS
potential. At this point, transistor 16 is turned “off” (1.e. node
22 “N4” goes “low”) and transistor 18 is turned “on” (i.e.
node 24 “N3” goes “high”) to drive the PHIXB to a VNWL

potential. This sequence causes most of the current during
the discharge of PHIXB to flow into VSS 1nstead of VNWL.

The problem with this timing 1s that transistor 16 1s
already “on” when transistor 14 1s turned “on”. This causes
current to flow through transistor 14 as node 20 “N§” goes
“high” with a large voltage drain-to-source (“VDS”) equal
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to VCCP. This can cause hot electrons to become trapped 1n
the gate oxide of transistor 14 resulting in a threshold
voltage shift and concomitant reduction in gain (“[).

With reference now to FIG. 3, a negative voltage driver
circuit 40 1n accordance with the technique of the present
invention illustrating the various waveform designations as
well as signal mput and output nodes thereof 1s shown.
Although the circuit configuration remains the same, note
that the waveform designations have been changed to NJ3',
N4', N5', N6' and PHIXB'to denote the new waveforms
according to the method of the present invention that appear
on corresponding nodes 24, 22, 20, 28, and 26 as 1is
explained in further detail below.

With reference additionally now to FIG. 4, a correspond-
ing timing diagram with representative waveforms for the
signals on the various mput and output nodes of the negative
voltage driver circuit of FIG. 3 1s shown operated 1n accor-
dance with the technique of the present invention. The
potential reliability problem noted above can be alleviated if
transistor 16 1s turned “on” after transistor 14. Then, as
transistor 14 turns “on”, its VDS is relatively small (less than
VCCP) since no current flows through transistor 14 until
transistor 16 turns “on”. To effectuate this timing, the signal
applied to node 22 “N4"” may be a self-timed pulse with
fiming substantially as indicated in the figure. For example,
in a particular embodiment of the present invention, when
PHIXB' goes “low”, node 24 “N3"” can be brought “high”

which causes node 22 “N4" to go “low”.

While there have been described above the principles of
the present mvention in conjunction with a specific circuit
and timing 1mplementation it 1s to be clearly understood that
the foregoing description 1s made only by way of example
and not as a limitation to the scope of the invention.
Particularly, 1t 1s recognized that the teachings of the fore-
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cgoing disclosure will suggest other modifications to those
persons skilled 1n the relevant art. Such modifications may
involve other features which are already known per se and
which may be used instead of or in addition to features
already described herein. Although claims have been for-
mulated 1 this application to particular combinations of
features, 1t should be understood that the scope of the
disclosure herein also includes any novel feature or any
novel combination of features disclosed either explicitly or
implicitly or any generalization or modification thereof
which would be apparent to persons skilled 1n the relevant
art, whether or not such relates to the same 1nvention as
presently claimed 1n any claim and whether or not 1t mati-
cgates any or all of the same technical problems as confronted
by the present invention. The applicants hereby reserve the
right to formulate new claims to such features and/or com-
binations of such features during the prosecution of the
present application or of any further application derived
therefrom.

What 1s claimed 1s:

1. A method of operating a negative voltage driver circuit
of the type having first, second, third, and fourth electrically
coupled transistors, in which the first transistor is coupled to
a positive voltage source, the third transistor 1s coupled to
oround, and the fourth transistor is coupled to a negative
voltage source, the method comprising;:

turning off the first transistor and substantially concur-
rently turning on the second transistor;

subsequently turning on the third transistor while the first
transistor 1s off and the second transistor 1s on; and

subsequently turning off the third transistor and substan-
tially concurrently turning on the fourth transistor.
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